Electronic absorption spectra are reported for single crystals of composition Fe^Coi-^C^ as a function of temperature from 300 K to 4 K. A broad band at 436 nm is assigned to Fe (II) -> Co (II) charge transfer and the temperature dependence of its intensity is related to the magnetic exchange between the ions. The 2 Txg( 2 H) excitation of Co (II) in the mixed crystals has an unusual temperature dependence which correlates with the Neel temperature.
Introduction
In recent years solid state physicists have shown a strong interest in the behaviour of mixed magnetic crystals, that is, solid solutions containing two different transition metal or lanthanide ions isomorphously substituting for one another in the same lattice [1] . To understand the properties of the mixture fully one has to assume that the substitution is purely random or in other words that the two components form an ideal solid solution. Clearly there is no such thing as a solid solution which is truly ideal on the atomic level so one must try to find systems which approach it as closely as possible. Neighbouring transition elements whose radii differ only slightly are obvious candidates, and a further element of interest is added when the two ions have ground states which result in competing single ion anisotropics. Two such ions are Fe(II) and Co(II) in the form of their dihalide salts. Their ionic radii differ only by 4%. Moreover FeCl2 and CoCl2 both crystallize with the space group D|d and with lattice parameters, respectively, a -3.603, 3.553; c = 17.536, 17.359 Ä [2]. This paper reports the preparation, characterization and optical spectroscopy of mixed crystals Fe^Coi _ ^Clo . The ligand field spectra appearing in the visible region are a convenient probe of the magnetic properties of the mixture since for both ions they are of spin-forbidden type and gain their intensity by coupling with thermally populated spin waves.
In both compounds the metal ion is subjected to a crystal field of predominantly octahedral symmetry 
Experimental a) Crystal Growth
FeCl2 was synthesised from Specpure Fe metal and HCl gas and CoCl2 by dehydrating the Analar grade hydrate. Both were further purified by sublimation in a stream of HCl gas. The FeCl2 was tested for traces of Fe (III) with thiocyanate but none was found. In a nitrogen filled glove bag, appropriate proportions of the two powdered compounds were loaded into fused silica ampoules 1 cm diameter and about 15 cm long, one end of which had been extended to a fine point. The ampoules were sealed with a tap inside the glove bag, transferred to a vacuum line, evacuated to 10 -6 torr, flared out and sealed. The melting points of FeCl, and CoCl2 are 0340-4811 I 80 I 0900-0985 $ 01.00/0. -Please order a reprint rather than making your own copy. In contrast to the monotonic behaviour of its frequency and halfwidth as a function of temperature, the intensity of the 532nm band varies in quite a remarkable fashion. As Fig. 5 indicates for crystals of three different compositions, the area of the banc! first increases rapidly with increasing temperature and then readies a maximum, most sharply defined in the crystal containing the least Co(II), followed by a steady fall. To our knowledge such a strikingly non-monotonic variation of a ligand field band has never been observed before.
The variation of the spectrum with applied magnetic field both parallel and perpendicular to the c-axis was also studied at 4.2 K for the x = 0.99 crystal. In this crystal the 532 nm band is already split into three closely spaced components in zero field (532.35, 532.60 and 532.95 nm). With H\\c 
Discussion a) Near Ultraviolet Band
Since this band does not appear in the spectra of FeCl2 or CoCl2, but only in FexCoi_a;Cl2, it must result from a transition involving both ions. Further confirmation that it is an interionic transition comes from the concentration dependence of the intensity, which varies roughly as the product of the concentrations of the two kinds of ion. The most probable assignment is as a metal-to-metal charge transfer excitation. Other than in mixed valency compounds [9] examples of such transitions are quite rare, though we note that a similar assignment has been given to a near ultraviolet band in KZnF3 simultaneously doped with Cu(II) and Mn(II) [10] . A simple argument involving the relevant gas phase ionization potentials and electron affinities of Fe 2+ and Co 2+ suggests that the charge transfer should be from Fe(II)-Co (II) in the crystal. That the band is relatively weak (peak linear absorption constant about 100-150mm -1 ) also argues in favour of the intervalence charge transfer assignment since the overlap between partly occupied 3 d shells on neighbouring metal ions via intervening chloride ions will certainly not be large.
A feature requiring special comment is the increase in intensity of the band as the temperature is lowered. Quite often the intensities of ligand-tometal charge transfer bands rise by a few percent on cooling from room temperature to 4 K because the lattice contraction improves overlap between the donor and acceptor orbitals. Such an effect may be operating in the present case but the increase is much more marked: the area of the band in the .r = 0.23 crystal increases at least 60% from room temperature to 80 K for example, which is much too large to be accounted for by lattice effects. An alternative explanation is that the magnetic exchange interaction influences the probability of the metalmetal charge transfer. Cox [11] pointed out recently that in a mixed valency compound, such as one containing Fe(II) and Fe (III) both in high spin states, the transition electric dipole matrix element for electron transfer between the two ions depends on the exchange coupling between them. Pictorially, this arises from the fact that an electron transferred without change of spin orientation can only enter an orbital on the other metal if it is either empty or singly occupied by an electron with the opposite spin orientation. The Russell Saunders ground term of Fe (II) in an octahedral site is 5 T2g while that of Co(II) is 4 Tig . Removing an electron from Fe(II) increases its spin from 5 = 2 to 5/2, and replacing it on Co(II) reduces it from S = 3/2 to 1. Consequently to the extent that the ground state of the pair is saturated ferromagnetically the transition probability is increased or, if the coupling is antiferromagnetic, it will be reduced. The populations of the exchange split levels within the ground state vary with the temperature and hence so will the oscillator strength of the absorption band. Now the nearest neighbour exchange interactions in FeCl2 and CoCl2 are both ferromagnetic, the constants being respectively 7. 
